Small molecule iron-chelators, siderophores, are very important in facilitating the acquisition of Fe(III), an essential element for pathogenic bacteria. Many Gram-negative outer-membrane transporters and Gram-positive lipoprotein siderophore-binding proteins have been characterized, and the binding ability of outer-membrane transporters and siderophore-binding proteins for Fe-siderophores has been determined. However, there is little information regarding the binding ability of these proteins for apo-siderophores, the ironfree chelators. Here we report that Bacillus cereus YxeB facilitates iron-exchange from Fe-siderophore to apo-siderophore bound to the protein, the first Gram-positive siderophore-shuttle system. YxeB binds ferrioxamine B (FO, Fe-siderophore)/desferrioxamine B (DFO, apo-siderophore) in vitro. Disc-diffusion assays and growth assays using the yxeB mutant reveal that YxeB is responsible for importing the FO. Cr-DFO (a FO analog) is bound by YxeB in vitro and B. cereus imports or binds Cr-DFO in vivo. In vivo uptake assays using Cr-DFO and FO and growth assays using DFO and Cr-DFO show that B. cereus selectively imports and uses FO when DFO is present. Moreover, in vitro competition assays using Cr-DFO and FO clearly demonstrate that YxeB binds only FO, not Cr-DFO, when DFO is bound to the protein. Iron-exchange from FO to DFO bound to YxeB must occur when DFO is initially bound by YxeB. Because the metal exchange rate is generally first order in replacement ligand concentration, protein binding of the apo-siderophore acts to dramatically enhance the iron exchange rate, a key component of the Gram-positive siderophore-shuttle mechanism.
similar to the periplasmic SBP-permease(s)-ATPase system in Gram-negative bacteria (Fig. 1) .
Some Gram-negative OMTs and Gram-positive lipoprotein SBPs can bind not only Fe-siderophores but also apo-siderophores. Of Gram-negative OMTs, FhuA of E. coli binds desferrichrome (DFch) and FptA of Pseudomonas aeruginosa binds apo-pyochelin strongly enough that they copurify (7, 8) . Of Gram-positive SBPs, YclQ of Bacillus subtilis binds apo-petrobactin (PB) with a dissociation constant (K d ) of 35 nM, whereas it binds Fe-PB with a K d of 113 nM, indicating that the SBP more strongly binds apo-PB (9) . Additionally, FeuA, FpuA, and FatB of Bacillus cereus bind apo-siderophores. The K d s of FeuA for apo-enterobactin (Ent) and Fe-Ent are 36 and 12 nM, respectively. The K d s of FpuA for apo-PB and Fe-PB are 23 and 175 nM, respectively, and the K d s of FatB for apo-PB and Fe-PB are 77 and 127 nM, respectively (10) . This finding suggests that several Gram-negative OMTs and Gram-positive SBPs bind apo-siderophores, especially under ironlimited conditions.
It was puzzling to us why Gram-negative OMTs and Grampositive SBPs involved in iron-transport would bind aposiderophores; an apo-siderophore is structurally and electronically different from a Fe-siderophore, and usually receptor proteins precisely recognize a specific substrate. For example, the Pseudomonas putida receptor OprB binds glucose but not the related molecules glucuronic acid or maltose (11) . In B. subtilis, the membrane protein CitM transports Mg(II)-citrate but not Ca(II)-citrate, and CitH transports Ca(II)-citrate but not Mg (II)-citrate (12, 13) . Thus, receptor proteins precisely recognize substrates; hence, the binding of apo-siderophores by OMTs and SBPs should serve a function.
What is the function served by bacterial OMTs and SBPs binding apo-siderophores? One possibility is that apo-siderophores bound to an OMT or SBP can catch Fe(III) from the extracellular milieu and enable iron transport, even if the bacteria do not have a Fe(III) transporter system like B. subtilis YwbLMN (6) . Another possibility is that a "siderophore-shuttle" system (14) uses the apo-siderophores to efficiently import Fe(III). The siderophore-shuttle mechanism demonstrated by Stintzi et al. begins with an OMT bound to an apo-siderophore (14) because the concentration of apo-siderophore at the cell surface, where the apo-siderophores are secreted, will be higher than the concentration of Fe-siderophore (7, 8) . An Fe-siderophore is then bound by the same OMT, and the increased local concentration near the binding pocket facilitates iron exchange from the Fe-siderophore to the apo-siderophore. This step is the salient feature of the siderophore shuttle; Fe(III) is kinetically labile so as to enable iron exchange (15) , although the nonfacilitated iron exchange rate between Fe-and apo-hydroxamate siderophores is extremely slow, with a half-life of nearly 10 d (16) . The newly formed Fe-siderophore continues into the cell and the former Fe-siderophore remains in the OMT as an apo-siderophore, ready to participate in the next siderophore-shuttle (14) .
The siderophore-shuttle in Gram-negative bacteria depends on the ability of OMTs to bind apo-siderophores. For the Grampositive siderophore shuttle mechanism, a lipoprotein SBP binds an apo-siderophore (Fig. 2) . Then a Fe-siderophore interacts with the SBP near the apo-siderophore. The increased local concentration complex facilitates iron exchange to the apo-siderophore, and the new Fe-siderophore is passed through the permeases to the cytoplasm (Fig. 2C) . The alternative uptake mechanism, when an apo-siderophore is initially bound to the SBP, we will call the "displacement mechanism" (Fig. 2D) . In this mechanism, the Fesiderophore displaces the apo-siderophore from the SBP. No iron exchange takes place, and the original Fe-siderophore passes through the permeases to the cytoplasm. Iron exchange is the distinguishing feature of the two mechanisms.
B. cereus ATCC 14579 uses a lipoprotein SBP called YxeB to bind and import FO (ferrioxamine B) and Fch (10) . These two siderophores deliver iron through YxeB, even though B. cereus does not produce the corresponding apo-siderophores DFO (desferrioxamine B) and DFch (17) . We report that YxeB uses a Gram-positive siderophore-shuttle mechanism to transport Fe-siderophores when apo-siderophore is present. (10) . However, it was unknown if the protein also binds apo-siderophores, DFO or DFch (Fig. S1A) . To begin our study of YxeB, the yxeB gene in B. cereus ATCC 14579 was sequenced. Sequencing revealed two different nucleotides in the gene compared with the sequence in the National Center for Biotechnology Information (NCBI). One nucleotide, G 555 , in the database (the number is with respect to the first nucleotide of the yxeB translational start codon) is incorrect, and the correct nucleotide is A 555 . The other nucleotide has two variations, TT 425 A and TC 425 A, in the laboratory stock. The yxeB genes with TT 425 A and TC 425 A encode YxeB-L142 (residue 142 is Leu) and YxeB-S142 (residue 142 is Ser), respectively. Both YxeB-L142 and YxeB-S142 were used in the following fluorescence-quenching assays to measure the binding affinity for several substrates.
Results
The quenching assays of YxeB-L142-6×His show that the protein fluorescence was quenched by FO and Fch (Fig. S1 B and C). The data were fit to a one-to-one binding model using Hyperquad (18) Table S1 ). Additionally, the YxeB-L142 protein mixed with DFO or FO was purified and then analyzed by reverse-phase (RP)-HPLC showing that the protein had bound DFO and FO (Fig. S3 B and F) . Thus, it is clear that the increasing fluorescence of the protein is because of siderophore binding.
A fluorescence-quenching assay of the YxeB-S142 protein was also performed. The fluorescence was quenched by DFO, FO, DFch, and Fch (Fig. S1 D and E) and the calculated K d s for the substrates by Hyperquad (18) were very similar (Table 1) . Thus, YxeB-S142 has similar affinity for both the apo and ferric forms of siderophores.
YxeB Is the Sole FO/Fch-Binding Protein. B. cereus ATCC 14579 produces only PB and BB (bacillibactin), yet it possesses at least 10 genes encoding siderophore binding proteins (17) (B. cereus ATCC 14579 gene annotation in the NCBI genome database). It has been demonstrated that the gene products YxeB, YfiY, FeuA, and FpuA/FatB are a DFO/Fch, schizokinen, Ent/BB, and PB (FpuA and FatB)-binding proteins, respectively (10) . FctC was recently identified as a triferric tricitrate-binding protein (19) . The FO/Fch-binding ability of the other less characterized siderophore-binding proteins of B. cereus, BC_2208, BC_4363, BC_4416, and BC_5380, was assessed, and none of these proteins bind FO or Fch (Fig. S4) . Thus, YxeB is the only DFO/Fchbinding protein in vitro.
To confirm that YxeB is the only DFO/Fch-binding protein in vivo, the yxeB markerless mutant was constructed (Materials and Methods). Because yxeB and the downstream genes, BC_0382 and BC_0381, make an operon, only yxeB is disrupted in the constructed strain, TC111 (yxeB − ), while preserving the downstream genes. Fig. S5 A and B show the growth assay of TC111, TC129 (YxeB-L142), and TC128 (YxeB-S142) strains. This assay uses iron-limited minimum medium, but DFO can chelate Fe (III) from the medium even though the iron concentration is very low. The growth of TC129 and TC128 with DFO was better than the growth without DFO, indicating that both the strains can import and use FO. On the other hand, the growth of TC111 with DFO was not better than the growth without DFO, showing that the TC111 strain cannot use FO. This result also shows that PB and BB produced by B. cereus during the experiment do not affect growth in these conditions.
To further assess whether TC111 can use FO and Fch or not, a disc-diffusion assay was performed. In this experiment the cells grow around a disc containing FO or Fch if the substrates can be used. As shown in Fig. S5C , the wild-type strains, TC129 and TC128, grew in halos around the discs containing FO and Fch. However, TC111 did not grow around the discs with FO and Fch, although the strain grew around a disc containing BB (the positive control substrate), indicating that it cannot use FO and Fch. Therefore, the in vivo growth assay and disc-diffusion assay strongly suggest that yxeB is the sole FO/Fch-binding protein.
The other SBPs including YfiY, FeuA, FpuA, FatB, and FctC are not associated with FO/Fch uptake. Moreover, Fe(III) coordinated with FO is not transferred to BB and PB produced by B. cereus under the iron-limited condition because the yxeB mutant, TC111, did not grow well.
Cr-DFO Is a FO Analog. Because Cr(III) is kinetically inert and will not exchange from one siderophore to another on the experimental Fig. 1 . Siderophore uptake machineries in Gram-negative bacteria (Left) and Gram-positive bacteria (Right). Gram-negative bacteria possess an OMT of Fe-siderophores. After an OMT recognizes a siderophore, the Fe-siderophore is transferred to a periplasmic SBP using the TonB-ExbBD system (5). The Fe-siderophore bound to the SBP is then imported using the appropriate siderophore-permeases and ATPase. In Gram-positive bacteria, a lipoprotein SBP anchored to the membrane binds a siderophore, and the Fe-siderophore is imported using its siderophore-permeases and ATPase.
timescale (15, 20) , Cr-DFO was synthesized to probe the presence of metal exchange in the siderophore transport mechanism of YxeB. The affinity of YxeB for Cr-DFO was measured using the fluorescence-quenching assay. The YxeB-L142 protein was quenched by Cr-DFO, and the quenching data were fit by Hyperquad (18) to determine the K d (Fig. S1B) . The K d for Cr-DFO was similar to the K d for FO (K d for Cr-DFO, 69.0 nM; K d for FO, 38.8 nM) ( Table 1 ). The YxeB-S142 protein was also quenched by both substrates (Fig. S1D) . The K d s for Cr-DFO and FO were, respectively, 98.9 nM and 29.1 nM (Table 1) . Thus, Cr-DFO can be used as a FO analog, especially with YxeB-L142, as a metal-exchange probe.
To see if B. cereus ATCC 14579 can import Cr-DFO like FO, the amount of chromium derived from Cr-DFO in whole cells was measured using inductively coupled plasma (ICP) elemental analysis. The wild-type strains, TC129 and TC128, could uptake Cr-DFO, whereas the yxeB mutant, TC111 could not (Fig. S6A) . Thus, YxeB can import the kinetically inert Cr-DFO.
Cr-DFO/DFO Growth Assay Shows That Cr-DFO Does Not Inhibit B. cereus Growth When DFO Is Present. Because Cr-DFO is an exchange-inert FO analog (Figs. S1 and S6A), Cr-DFO was used as a FO competitor in growth assays. The optimal concentration of DFO for the growth assay with wild-type TC129 was determined. When the concentration of DFO in the culture was less than 10 nM, the growth was delayed compared with the growth at 10-nM or higher concentration of DFO, indicating that 10 nM DFO is the minimum amount for normal growth (Fig. S6B) . Thus, the Cr-DFO growth assays were performed with 10 nM DFO. Including DFO in the medium creates an initial state with YxeB bound to aposiderophore.
When DFO is not included, merely 10 nM Cr-DFO inhibits growth (Fig. S6 C and D) . If B. cereus can import Cr-DFO by the displacement mechanism even when DFO is included in the culture, severe growth delay should be observed (the theory is shown in Fig. S7A ). The growth of TC129 and TC128 was not delayed greatly even when 500 nM Cr-DFO, 50-times the DFO concentration, was added to the culture (Fig. S6 C and D) . Cr-DFO is not an effective competitor for YxeB in the presence of DFO, which is evidence against the displacement mechanism.
In Vivo Cr-DFO/FO Uptake Assay Shows That YxeB Selectively Imports FO When DFO Is Present. To observe if YxeB selects for FO over Cr-DFO when DFO is present in the culture, in vivo Cr-DFO/ FO uptake assays were also performed (the theory is shown in Fig. S7B ). In the experiment B. cereus produces BB and PB; however, these siderophores do not affect the experiment because YxeB is the only FO/Cr-DFO-binding protein (Figs. S4 and S5). When 2 μM Cr-DFO was added to cultures of TC129 or TC128 containing 2 μM DFO, 5 ng of chromium per 1 mL of cell culture was imported (closed squares in Fig. 3 ). When 2 μM FO was added along with 2 μM Cr-DFO to the cultures of TC129 and TC128 containing 2 μM DFO, the amount of imported chromium was drastically reduced to 1 ng of chromium per 1 mL of cell culture (triangles in Fig. 3) . Significantly, even with 10-times lower FO concentration than Cr-DFO (0.2 μM FO, 1:10 FO:Cr-DFO) was added to the culture containing 2 μM DFO, the imported chromium was only 2.5 ng in 1 mL of cell culture (circles in Fig. 3 ), which does not approach the maximum 5 ng of chromium imported per 1 mL of cell culture in the presence of 2 μM DFO (see squares in Fig. 3) . Thus, it is clear that the Cr-DFO uptake is disproportionately inhibited by the addition of FO when DFO is present in the culture. In other words, YxeB selectively imports FO over Cr-DFO, the exchange-inert analog, when DFO is present. Such a large selectivity would not be observed for the displacement mechanism and proves that metal exchange is critical to the uptake mechanism.
In Vitro Cr-DFO/FO Competition Assay Demonstrates That YxeB
Selectively Binds FO When DFO Is Present. It is possible that the substrate selectivity by YxeB occurs because B. cereus selectively imports FO when DFO is present (Fig. 3) . To confirm this possibility, YxeB protein (YxeB-L142-6×His or YxeB-S142-6×His), DFO, and Ni-agarose beads were mixed. A mixture of Cr-DFO/FO was added to the sample, the beads were pelleted, and the chromium and iron levels in the pellet versus supernatant were measured using ICP. As a negative control, Ni-agarose beads without protein did not bind iron or chromium (triangles in Fig. 4 A and B) and the complexes of the YxeB-L142 and YxeB-S142 proteins contained iron from FO as the major substrate (closed circles in Fig. 4 B and D, respectively) but very little chromium from Cr-DFO. Thus, the YxeB protein selectively binds FO over Cr-DFO when DFO is initially bound to the protein, and the bound FO was generated by metal exchange. On the other hand, when apo-siderophore is bound to the SBP, two Fesiderophore uptake mechanisms, the Gram-positive siderophore-shuttle mechanism (C) or the displacement mechanism (D), are possible. (C) In the Gram-positive siderophore-shuttle mechanism, iron is transferred from an Fe-siderophore to the apo-siderophore:SBP complex and the new Fe-siderophore is then imported into the cytoplasm. It is not clear whether the resulting apo-siderophore remains bound to the SBP or not after iron-exchange has occurred. (D) In the displacement mechanism, the apo-siderophore is released from the SBP, and the Fe-siderophore occupies the binding pocket. No iron exchange occurs, and the original Fe-siderophore is transported to the cytoplasm.
Discussion
YxeB Possesses a Gram-Positive Siderophore-Shuttle System. Growth assays of TC128 (YxeB-S142) and TC129 (YxeB-L142) using Cr-DFO show that addition of only a small amount of Cr-DFO (10 nM) delayed the growth of both strains (Fig. S6 C and D) . However, the addition of DFO (10 nM) recovered the growth of both strains even though excess Cr-DFO (500 nM) was in the culture ( Fig. S6 C and D) . Because the K d s of the YxeB-L142 and YxeB-S142 proteins for FO are similar to the K d s of the proteins for Cr-DFO (Table 1) , the addition of Cr-DFO should delay the growth if the strains can import both of the substrates equally by the displacement mechanism (Fig. S7A) . The in vivo Cr-DFO/ FO uptake assay demonstrates that addition of FO with DFO strongly inhibited the Cr-DFO uptake even though 10-times less FO (0.2 μM) than Cr-DFO (2 μM) was added to the culture (Fig.  3) . Because YxeB is the only SBP responsible for FO and Cr-DFO binding and uptake (Figs. S4 and S5) , these results show that YxeB selectively imports FO over Cr-DFO. The key difference between FO and Cr-DFO is that Fe(III) exchanges between siderophores but Cr(III) does not. The selectivity for FO shows that metal-exchange is important and that YxeB participates in a Gram-positive siderophore-shuttle mechanism when DFO is present. However, this finding does not eliminate the possibility that YxeB uses a displacement mechanism in vivo because Cr-DFO uptake was strongly inhibited but not completely eliminated by addition of 2 μM FO in the presence of DFO (triangles in Fig.  3 ). This possibility was eliminated by the next study.
The in vitro Cr-DFO/FO competition assay shows that YxeB binds FO and not Cr-DFO when initially loaded with DFO (Fig.   4) , even when the K d of the YxeB-S142 protein for Cr-DFO is nearly the same as the K d for FO (Table 1 ). In the competition assay, 1 μM the YxeB-S142 protein and a 20-fold excess of DFO (20 μM) were used, and it is calculated from the K d that more than 99% of the protein is bound to DFO. Because only 1 μM FO and 1 μM Cr-DFO were added to the assay solution and YxeB is saturated with DFO, the Gram-positive siderophoreshuttle mechanism (Fig. 2C) or displacement mechanism (Fig.  2D) is responsible for any metal bound to the protein. YxeB-S142 almost exclusively binds iron from FO in the assay (Fig.  4D) , and the metal-exchange selectivity indicates that the protein uses the shuttle mechanism instead of the displacement mechanism. Moreover, YxeB-L142 also uses the shuttle mechanism because the protein binds DFO and FO (Fig. S3 B and F) like YxeB-S142 (Fig. S3 C and G) , and the in vitro Cr-DFO/FO competition assay shows that the protein binds FO but not Cr-DFO (Fig. 4 A and B) . Therefore, both variants of YxeB predominately use the Gram-positive siderophore-shuttle mechanism over the displacement mechanism.
Siderophore Recognition by YxeB. Fluorescence intensity of the YxeB-L142 protein was increased by the addition of DFO or DFch although the protein fluorescence was quenched by addition of FO and Fch (Fig. S1 B and C) . Nano-ESI-MS analysis of the protein:DFch and protein:Fch complexes (Fig. S2) and RP-HPLC analysis of the protein:DFO and protein:FO (Fig. S3) show that the protein binds all of the substrates. Moreover, the shapes of the fluorescence-quenching curves of the YxeB-S142 protein for DFO and DFch were different from the shapes for FO and Fch, although the calculated K d s for their substrates are not different (Table 1 and Fig. S1 D and E) . The difference in protein fluorescence points to a difference in protein conformation dependent on whether the bound substrate is an apo-or Fe-siderophore. Because the yxeB gene (BC_0383) makes an operon with putative permease genes, BC_0382 and BC_0381 (10), the conformation change of YxeB may allow the permeases to distinguish between Fe-and aposiderophores and import only Fe-siderophores.
Comparison Between the Siderophore-Shuttle Systems in Gram-Positive and -Negative Bacteria. Previously, Stintzi et al. demonstrated that an OMT in Aeromonas hydrophila is a siderophore-shuttle protein (14) . From the siderophore shuttle in Gram-negative bacteria, Fe(III) exchange seems to occur in the siderophore-binding pocket surrounded by a β-barrel and extracellular loops (14) . In contrast, SBPs in Gram-positive bacteria have the siderophore binding pocket at the surface of the protein, based on the Table 1 . Dissociation constants (K d ) of YxeB-L142-6×His and YxeB-S142-6×His
YxeB-S142-6×His NC is not calculated using Hyperquad (18) because the protein fluorescence increased (Fig. S1 ). *Number indicates SD calculated by Hyperquad (18) .
μM DFO
A TC129 with 2 B TC128 with 2 μM DFO structures of the B. subtilis FeuA:Fe-enterobactin complex (21) and Staphylococcus aureus HtsA:Fe-staphyloferrin A complex (22) . Thus, the mechanisms of iron exchange between apo-siderophore and Fe-siderophore in Gram-negative OMT and Grampositive SBP may differ. Here we show that YxeB has a Grampositive siderophore-shuttle mechanism. The E. coli periplasmic SBP FhuD binds FO, gallichrome (an Fch analog), and Fe-coprogen, and the substrate-binding pocket is large to recognize and fit the different substrates (23, 24) . Because the YxeB protein (YxeB-L142 and YxeB-S142) binds DFO/FO and DFch/Fch and Gram-negative periplasmic SBPs and Grampositive lipoprotein SBPs are similar (Fig. 1) , it is possible that the YxeB protein also has a large substrate-binding pocket to exchange iron from FO to DFO bound to the protein. The complex analysis of the YxeB-L142 protein and DFch/Fch by ESI-MS suggests it is possible that the protein binds two molecules of DFch and Fch (Fig. S2) . Thus, the protein would facilitate iron exchange, which is first order in both Fe-and apo-siderophore, by increasing the local concentration of the apo-siderophore (15 (27) . In Gram-negative bacteria not only A. hydrophila (14) but also E. coli (28) and Salmonella typhimurium enterica (29) have OMTs for FO/Fch import. Possibly all these FO/Fch-binding proteins use a Gram-positive or -negative siderophore-shuttle mechanism if they can also bind DFO/DFch. Some SBPs have been cocrystallized with Fe-siderophores. It is known that several SBPs in Gram-positive bacteria and periplasmic SBPs in Gram-negative bacteria, such as B. subtilis FeuA, S. aureus HtsA, and Vibrio cholerae ViuP recognize oxygen atoms that coordinate with iron, and the siderophores seem to nearly fill the binding pocket (21, 22, 30) . It is possible that apo-siderophores also fill the binding pocket. However, there are few structural complexes of apo-siderophores in siderophorebinding proteins (including Gram-negative OMTs), including a complex of E. coli FecA and dicitrate (3), although several SBPs and OMTs can bind both Fe-siderophores and apo-siderophores. We hope to characterize an apo-siderophore:SBP or apo-siderophore:OMT complex structure to understand why and how SBPs and OMTs bind apo-siderophores. From this study we conclude that increasing the local ligand concentration in the apo-siderophore:SBP (OMT) complex facilitates iron exchange, and hence apo-siderophore binding plays an important role in iron uptake (Fig. 5 ) in siderophore-shuttle systems of both Gramnegative and Gram-positive bacteria.
Materials and Methods
See SI Materials and Methods for detailed discussions of all methods described, and Table S2 for a list of strains and plasmids used in this study.
Construction of B. cereus YxeB-L142-6×His and YxeB-S142-6×His Overexpression Plasmids, pCTF97 and pCTF98. Plasmids for overexpression of YxeB-L142-6×His and YxeB-S142-6×His were created using pET101/D-TOPO vector (Life Technologies). The plasmids contain yxeB-L142 or yxeB-S142, except for the predicted lipoprotein signal sequence.
Construction of Integration Plasmids, pCTF59 in B. cereus Chromosome and pCTF65 for Creating a yxeB Markerless Mutant. pCTF59 was created for construction of an integration plasmid in the B. cereus chromosome, and pCTF65 was created from pCTF59.
Construction of B. cereus yxeB (BC_0383) Mutant. The yxeB gene makes an operon with BC_0382 and BC_0381. Thus, a markerless deletion method described by Szurmant et al. (31) was referred to for creating the mutant to express the downstream genes, BC_0382 and BC_0381.
Purification of YxeB-L142-6×His and YxeB-S142-6×His. YxeB-L142-6×His and YxeB-S142-6×His were purified from E. coli BL21(DE3)(pCTF97 and pCTF98, respectively) cells. 
